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ABSTRACT
The main objective of this work is to determine the cluster members of 1876 open
clusters, using positions and proper motions of the astrometric catalogue UCAC4. For
this purpose we apply three different methods, all them based on a Bayesian approach,
but with different formulations: a purely parametric method, another completely non-
parametric algorithm, and a third, recently developed by Sampedro & Alfaro, using
both formulations at different steps of the whole process. The first and second statisti-
cal moments of the members phase-space subspace, obtained after applying the three
methods, are compared for every cluster. Although, on average, the three methods
yield similar results, specific differences between them, as well as for some particular
clusters, are also present. The comparison with other published catalogues shows good
agreement. We have also estimated for the first time the mean proper motion for a
sample of 18 clusters. The results are organized in a single catalogue formed by two
main files, one with the most relevant information for each cluster, partially including
that in UCAC4, and the other showing the individual membership probabilities for
each star in the cluster area. The final catalogue, with an interface design that en-
ables an easy interaction with the user, is available in electronic format at SSG-IAA
(http://ssg.iaa.es/en/content/sampedro-cluster-catalog) website.
Key words:
1 INTRODUCTION
Open clusters are excellent laboratories for exploring a large
number of astrophysical problems: they are crucial to set
constraints to the stellar evolutionary models (i.e. Landin
et al. 2006; Charbonnel 2017, and references therein), and
to study in detail the star-formation process and the possi-
ble physical mechanisms driving and controlling all the dif-
ferent steps that lead from a molecular cloud to a gravita-
tional bound set of stars (i.e., Larson 1994; Elmegreen et
al. 2000; Lada 2010). Since the pioneering work by Becker
(1964), open clusters have also been used as suitable probes
for drawing the Galactic structure in terms of shape, mor-
phology, kinematics and chemical distribution (i.e. van den
Bergh & McClure 1980; Janes, Tilley, & Lynga 1988; Al-
faro, Cabrera-Cano, & Delgado 1991; Dias & Le´pine 2005;
Frinchaboy & Majewski 2008; Magrini et al. 2009; Le´pine et
al. 2011; Gilmore et al. 2012; Oliveira et al. 2013; Camargo,
Bica, & Bonatto 2013; Heiter et al. 2014; Junqueira et al.
2015; Costado et al. 2016; Magrini et al. 2017). Descending
to conceptually smaller scales, open clusters are the obser-
vational basis of our knowledge on the Initial Mass Function
(Kroupa 2001; Bastian, Covey, & Meyer 2010), the existence
or not of a primordial mass segregation, (Bonnell & Davies
1998; Allison et al. 2009; Parker, Goodwin, & Allison 2011;
Parker & Dale 2017), the time scales for the destruction or
dilution of these systems (Parker et al. 2009; Krumholz et al.
2014; Vicente, Sa´nchez, & Alfaro 2016), the concurrence of
different star-formation bursts in a single cluster (Wu¨nsch
et al. 2017), etc. In short, open clusters represent unique
observational targets for the development of Galactic and
Stellar Physics (see Gilmore et al. 2012).
However, in most cases, making use of these stellar sys-
tems requires the preceding step of determining the physical
members of the cluster. The classification between members
and non-members of the stars located in the stellar field of
the cluster depends on how we have defined what a stellar
cluster is and which of its properties we use to carry out the
classification, which is at the same time influenced by the
observed variables available. Here we are using the UCAC4
data (Zacharias et al. 2013) —that is, positions and proper
c© 0000 RAS
ar
X
iv
:1
70
6.
05
58
1v
1 
 [a
str
o-
ph
.SR
]  
17
 Ju
n 2
01
7
2 Sampedro et al.
motions — hence we must use those phenomenological as-
pects of the actual definition of cluster that leave their mark
on the phase-space subspace formed by these variables. It is
evident that the first clue of the existence of a stellar cluster
is revealed by an increase in superficial stellar density in the
plane of the sky, and since the 1930s we have also known
that the kinematic behavior of a cluster is reflected in a
greater density, with regard to the field stars, in the space
of the kinematic variables. If, moreover, as in this case, the
aim is to carry out an analysis of the whole system of Galac-
tic clusters, we also need all-sky, accurate and homogeneous
data.
Several efforts have been made over recent years to gen-
erate homogeneous and systematic astrometric catalogues,
and to use them to analyse the membership to the system
of open clusters of the catalogued stars. Examples of these
works are: Baumgardt, Dettbarn, & Wielen (2000); Loktin
& Beshenov (2003); Beshenov & Loktin (2004); Dias et al.
(2006, 2014); Kharchenko et al. (2005, 2012, 2013). Most of
the techniques used to separate field and cluster populations
address the problem from a statistical point of view, by com-
puting the membership probabilities through the estimation
of the probability density functions (PDFs) for cluster and
stellar-field populations in the subspace formed by the as-
trometric variables. However, the model underlying the dis-
tribution of these variables is not unique, and neither is the
algorithm used to determine the PDFs and to estimate the
cluster membership probabilities.
Since the pioneering work by Vasilevskis, Klemola, &
Preston (1958) using only proper motions, many other stud-
ies have proposed different approaches to the problem that
respond to the observational fact of the distribution pattern
diversity of the astrometric variables in the clusters studied
(i.e., Cabrera-Can˜o & Alfaro 1985, 1990; Zhao & He 1990;
Galadi-Enriquez, Jordi, & Trullols 1998; Dias et al. 2014;
Sampedro & Alfaro 2016; Gao 2016, among others). Cluster
membership determination is therefore dependent on both
the characteristics of the data and the distinct statistical
approaches assumed by the different methods. In this work,
we apply three different methods fully described in Cabrera-
Can˜o & Alfaro (1985, 1990) and Sampedro & Alfaro (2016),
to determine, in a homogeneous way, the members of the
open clusters listed in Dias et al. (2002).
The paper is organized as follows. Section 2 summarizes
used in this work. In section 3 we make a brief description of
the three methods applied to determine the membership of
the stars. Section 4 summarizes the main results and discuss
the comparison with previous published catalogues. Finally,
in Section 5 we highlight the main conclusions.
2 DATA
We use version 3.5 of the New Optically Visible Open Clus-
ters and Candidates catalogue (Dias et al. 2002, hereafter
DAML02), to select a sample of 2167 open clusters to be
analysed. The stellar positions and the proper motions are
taken from the Fourth United States Naval Observatory
CCD Astrograph Catalogue, UCAC4 (Zacharias et al. 2013).
The catalogue contains data for over 113 million stars (105
million of them with proper-motion data) being complete
down to magnitude R = 16. The positional accuracy of the
listed objects is about 15 - 100 mas per coordinate, de-
pending on the magnitude. Formal errors in proper motions
range from about 1 to 10 mas yr−1 depending on the magni-
tude and the observational history. Systematic errors in the
proper motions are estimated to be about 1 - 4 mas yr−1.
As proposed by Sa´nchez, Vicente, & Alfaro (2010), we
should utilize the cluster angular radius as the best sampling
radius to analyse the cluster membership when using the
parametric model of the proper-motion distribution. How-
ever, given that we are dealing with three different methods
we proceed in a different way. We download the data from
UCAC4, using the VizieR service1 (Ochsenbein, Bauer, &
Marcout 2000) for an initial cluster centre and within an
area given by the DAML02 catalogued radius plus extra 15
arcminutes to ensure we take all the stars in the cluster
region. Then we again calculate apparent cluster angular
radii through visual inspection of the radial density profiles
(RDPs), where the apparent cluster angular radius is de-
fined as the distance from the cluster centre where the RDP
drops into the field. We should note that for this estimation
we only make use of the stars catalogued in UCAC4.
Figure 1 shows the distribution of the apparent angu-
lar radii obtained in this work for the 2167 clusters listed in
DAML02 up to an estimated radius of 20 arcminutes. It also
compares our final cluster radii and those listed in DAML02.
We consider that the observed differences are mainly due to
the fact that DAML02 is a compilation of different works
based on different datasets. In addition, we compare our fi-
nal estimated radii with those from Kharchenko et al. (2013,
hereafter K13). The authors derived cluster radii, among
other parameters, for 3006 stellar clusters using the PPMXL
(Roeser, Demleitner, & Schilbach 2010) and the 2MASS
(Skrutskie et al. 2006) catalogues. In K13 the mode of the
cluster radii distribution is about 7 arcminutes while the
same central value for our sample is about 2.5 arcminutes.
The difference is quite big; however we should stress again
that we are deriving a functional radius from and for a sin-
gle catalogue. To consider this estimate as the true radius
of the cluster, if that concept existed and was unique and
absolute, would be an error.
However, going further into the understanding of this
difference we can envisage several causes. The observed dis-
agreement may be mainly due to the different techniques
and different catalogues used to estimate the cluster radii.
We have estimated apparent angular radii from all stars in
the field while K13 obtains the radii values from member
stars, using a quite different procedure (Kharchenko et al.
2005, 2012). Therefore, the direct comparison must be taken
with caution since it may be biased showing a strong dis-
agreement. In addition, although Kharchenko et al. (2005)
and K13 obtain similar cluster radii, several studies (Sharma
et al. 2006; Bukowiecki et al. 2011) have claimed that using
different data sources may lead to different cluster radius
estimations.
We have also used the Digitized Sky Survey (DSS)2 to
re-determine the central positions, of 10 open clusters, ac-
cording to our best analysis of the RDPs. The new central
coordinates were estimated as the positions maximizing the
1 http://vizier.u-strasbg.fr/viz-bin/VizieR
2 http://archive.stsci.edu/dss/
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Figure 1. Top: The distribution of apparent angular cluster radii
estimated in this work up to 20 arcminutes. Bottom: a comparison
between the radii estimated in this work and those from DAML02
(in arcminutes).
central star density. Table 1 includes the new coordinates
as well as those listed in DAML02 for the ten clusters that
showed quite different central positions.
For each cluster, once the UCAC4 data was down-
loaded, we discarded stars without proper-motion data or
with errors in the proper motions larger than 12 mas yr−1.
The latter stars should be considered as observational fails
and they might not correspond to real stars according to
Zacharias et al. (2013). In addition, we exclude the clusters
with fewer than 20 stars and more than 104 stars. Cluster
regions with few stars may suffer from subsampling effects
as a result of patchy and heavy absorptions or incomplete-
ness due to the photometric depth of the catalogue. On the
other hand, open clusters with the largest angular diame-
Table 1. Redetermined central coordinates (J2000.0) for ten open
clusters are shown in columns 2 and 3. The coordinates from
DAML02 are also included in columns 4 and 5 for comparison.
Name αThiswork δthiswork αDAML02 δDAML02
(h:m:s) (g:m:s) (h:m:s) (g:m:s)
Berkeley 28 06 52 07 02 54 47 06 52 12 02 56 00
Berkeley 39 07 46 48 -04 40 06 07 46 42 - 04 36 00
Berkeley 43 19 15 32 11 16 20 19 15 36 11 13 00
Berkeley 45 19 19 05 15 42 47 19 19 12 15 43 00
Berkeley 50 20 10 01 34 57 58 20 10 24 34 58 00
BH 208 16 59 32 -37 07 20 16 59 36 -37 05 00
IC 1311 20 10 46 41 10 27 20 10 18 41 13 00
IC 1369 21 12 06 47 46 04 21 12 06 47 44 00
IC 361 04 18 54 58 15 00 04 19 00 58 18 00
Ruprecht 164 11 30 25 -60 45 10 11 30 51 -60 44 00
ters show a low surface brightness with high contamination
of fore/background stars. This effect may prevent a proper
determination of the cluster members using these methods.
This pruning leads to a sample of 1876 open clusters anal-
ysed in this study.
3 METHODS USED IN THE MEMBERSHIP
DETERMINATION
In this work we apply three different methods to deter-
mine the membership for the previously selected 1876 open
clusters. The first method (hereafter M1) is fully described
in Sampedro & Alfaro (2016). Basically, it uses different
sets of variables satisfying the simple condition of being
more densely distributed for the cluster members than for
the field stars. The membership probabilities are estimated
in a 1-Dimensional space, defined by the Euclidean dis-
tances between every star and the cluster central overden-
sity, in the variables space of N-Dimensions. Therefore, it
reduces the estimation of membership probabilities from an
N-Dimensional space to a 1-Dimensional one. The method
involves two iterative processes. Initially, the distances be-
tween every star and the cluster centre are estimated. Then,
the distance distribution of the stars is modeled by a mixture
of two 1-Dimensional Gaussians, one for the cluster mem-
bers and other for the field stars. The parameters defin-
ing the total model and the membership probabilities are
calculated through an iterative Wolfe estimation procedure
(Wolfe 1970). The stars with a membership probability
higher than 0.5 are selected as members according to the
Bayes minimum error rate decision rule (Kulkarni & Har-
man 2011). In this work, this method is applied to the proper
motion data.
The second method (hereafter M2) is a Bayesian, non-
parametric one developed by Cabrera-Can˜o & Alfaro (1990).
It determines the members of the clusters using the positions
(angular distances) and the proper motion data without any
a priori assumptions about the cluster and field star distri-
butions, but assuming two hypotheses: i) there are two pop-
ulations in the field; cluster members and field stars, and
ii) the cluster members are more densely distributed in the
phase space. Membership probabilities are calculated by us-
ing Gaussian Kernel estimators in an iterative way through
a discriminant analysis. In every iteration, three different
probabilities for each star are estimated: one just using the
positions of the stars, another using only the proper-motion
c© 0000 RAS, MNRAS 000, 1–8
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data (kinematic probability), and the last using both posi-
tions and proper motions (joint probability). As a first op-
tion, cluster members in every iteration are selected as those
stars with joint and kinematic probabilities higher or equal
to 0.5.
The third method (hereafter M3) follows a parametric
approach, fully described in Cabrera-Can˜o & Alfaro (1985).
It uses only the stellar proper motions to determine the
membership probabilities. This method fits the PDF of the
whole sample by a mixture of two bivariate Gaussian distri-
butions, one for the cluster members and other for the field
stars. Through an iterative Wolfe estimation procedure, the
parameters that defines the total model are calculated as
well as the membership probabilities. The cluster members
are those stars with a membership probability higher than
0.5.
Before starting with the membership analysis, we de-
tect and remove sample outliers. In this task, we use a non-
parametric technique (Cabrera-Can˜o & Alfaro 1985), which
estimates the probabilities of the stars being outliers of the
parent sample using the proper-motion data. In this way,
objects with a probability of being an outlier greater than
0.5 were rejected for further analysis.
4 RESULTS
In this section, we compare the level of agreement achieved
by the different methods described in Section 3. Further-
more, we compare our results with previous catalogues that
also contain the main physical variables for each cluster,
such as: DAML02, K13 and D14. The large number of ob-
jects listed in these catalogues will enable a comparison with
a reliable statistical significance. We use the estimated prob-
abilities, derived from the three different methods (the joint
probability in the case of M2) as weight factors to calculate
the cluster mean proper motions µαcosδ and µδ, as:
µαcosδ =
∑n
i=1 Piµαcosδi∑n
i=1 Pi
µδ =
∑n
i=1 Piµδ,i∑n
i=1 Pi
where µαcosδi and µδ,i are the proper motion and Pi is
the probability estimated by each method for the i-th star.
Similarly, the cluster proper-motion dispersion and the cor-
relation coefficients have also been estimated. The database
containing the results is available in electronic format at the
SSG-IAA3 website as two complementary files. The main
parameters obtained by the three methods are included in
a general catalogue. We also generate individual cluster-by-
cluster files giving the membership probabilities and addi-
tional information from the UCAC4 catalogue (more info in
Appendix A).
3 http://ssg.iaa.es/en/content/sampedro-cluster-catalog
Table 2. Comparison of the cluster mean proper motions ob-
tained by the methods (see the text for details). ∆µαcosδ, ∆µδ,
σ∆µαcosδ and σ∆µδ are expressed in mas yr
−1. N is the num-
ber of clusters for which the compared methods converge to a
solution.
Methods M1-M2 M1-M3 M2-M3
∆µαcosδ 0.01 0.21 0.20
∆µδ 0.02 0.20 0.16
1σ∆µαcosδ 0.81 1.11 1.39
1σ∆µδ 0.90 1.16 1.28
N 1606 1713 1661
4.1 Comparison of the results obtained with the
three different methods
In this study, we investigate 1876 open clusters using the
three different methods described in Section 3. Whereas M1
converges to a solution for a total of 1748 clusters (93%), M2
and M3 do so for a total of 1693 (90%) and 1819 (97%), re-
spectively. The three different approaches converge for 1584
(84%) clusters in common.
Table 2 and Figure 2 show the results of the compar-
ison in µαcosδ and µδ between the methods. In Table 2,
∆µαcosδ and ∆µδ are the differences in the values of the
cluster mean proper motions, σ∆µαcosδ and σ∆µδ represent
their dispersions and N the number of common clusters.
The values of the mean differences are close to 0 mas yr−1
with small dispersion (lower then 1.4 mas yr−1), indicat-
ing good agreement between the methods. Furthermore, the
mean differences among the methods, for the second mo-
ments of the cluster member distribution, are lower than
the typical proper-motion errors in the UCAC4 catalogue,
overall when comparing M1 and M3. The agreement also
occurs in the number of cluster members estimated. How-
ever, for some cases it is very difficult to distinguish between
members and background stars, especially in regions asso-
ciated to a patched absorption pattern or to clusters with
large apparent angular radii, i.e., with a low contrast be-
tween the cluster and the field. For these cases, we notice
that M2 tends to determine lower fractions of members than
M1 and M3. It is worth noting that M2 provides a different
cluster view than that derived from the M1 and M3 methods;
M2 makes uses of four astrometric variables, while M1 and
M3 do so for the two proper-motion components. Neverthe-
less, in this scenario, the results obtained from all methods
should be considered with caution.
Finally, for six clusters (Alessi 53, Berkeley 76, Czernik
11, Loden 27, Pismis 5 and Ruprecht 3) none of the methods
were capable of converging to a solution. This is not surpris-
ing since these clusters have few stars, with sparse distribu-
tions in the position and in the proper-motion spaces, show-
ing the typical problems derived from small-number statis-
tics. Moreover, Loden 27 is flagged as a dubious open clus-
ter in DAML02 and Ruprecht 3 is not even considered as a
physical system by Piatti, Dias, & Sampedro (2017).
4.2 Comparison with other catalogues
A direct comparison of the results presented in this work
with those in the literature is not straightforward, since they
use different data, methods and criteria to select members,
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Figure 2. Left: Differences in the values of the clustr mean proper motions between M1 and M2. Centre: Differences in the values of
the cluster mean proper motions between M1 and M3. Right: Differences in the values of the cluster mean proper motions between M2
and M3. The red ellipses represent the 1, 2 and 3σ dispersion levels, respectively.
which may lead to different samples of stars to determine
the mean proper motions of the clusters. Therefore, we opt
to compare our results with those published catalogues that
present a large number of open clusters, such as DAML02,
K13 and D14.
The DAML02 catalogue is a compendium of results
published from different authors, thus it is based on different
data and methods but presents the mean proper motions in
the Hipparcos System and has been widely used in recent
years. In K13 the cluster membership, and mean proper mo-
tions are estimated for more than 3000 open clusters, using
the PPMXL and the 2MASS catalogues as the main obser-
vational basis. The authors use an interactive human control
of a standardized set of multi-dimensional diagrams to deter-
mine kinematic and photometric membership probabilities
for stars in the cluster region. D14 is a homogeneous study of
1805 open clusters using the UCAC4 catalogue. The authors
determine mean proper motions and membership probabili-
ties using a parametric model, fitting the PDF for the whole
sample by two bivariate Gaussian functions, also taking into
account the proper-motion errors of the stars.
Table 3 and Figure 3 show the results of the compari-
son in µα cos δ and µδ for each cluster, reproducing very well,
on average, the previous determinations. Dispersion differ-
ences lie below 2.8 mas yr−1 in the comparison with D14
and DAML02 for the three methods. This indicates that
there is not a statistically significant separation between the
compared distributions, taking into account the catalogued
proper-motion errors. Basically, the higher dispersion in the
comparison with DAML02 is likely due to the heterogene-
ity of the proper-motion sources used in DAML02. A few
open clusters in Figure 3 present differences greater than the
3σ level. Generally after a visual inspection, we notice that
most of these open clusters do not show clear over-density
in the proper-motion space, using UCAC4 data. Likewise,
some clusters such as Stock 1 and Alessi 13 present a high
degree of field contamination and in both cases a proper de-
termination of the cluster members is difficult . The greatest
individual differences are found when comparing with K13,
which is likely caused, as previously discussed, by the dif-
ferent data sources and methods used for the cluster mem-
bership analysis. Again, we notice that most of these dif-
ferences are related with clusters that do not show a clear
over-density in the UCAC4 proper-motion space at the po-
sition indicated in K13.
We observe that D14 does not properly determine mean
proper motions for the large and nearby clusters NGC 7092,
Ruprecht 147, Mamajek 1, Blanco 1, NGC 752 and Stock
2. For these clusters, M1 and M3 obtain satisfactory results
which agree with those published by Dias, Le´pine, & Alessi
(2001) based on the Tycho-2 data (Høg et al. 2000).
Finally, we determine, for the first time, membership
and mean proper motions of 18 new cluster candidates. The
candidates correspond to a cluster sample with apparent
diameter smaller than 3 arcminutes in DAML02. For most
cases, there has been no confirmation of the real existence
of the clusters through photometric analysis and the new
cluster membership study could help to verify this issue.
5 CONCLUSIONS
In this paper, we present a homogeneous multi-membership
and mean proper motion catalogue of a sample of 1876 open
clusters. The fundamental idea underlying this work is the
comparison of different cluster membership analysis meth-
ods applied to the same set of data. In particular, we wished
to thoroughly check with real data the method developed by
Sampedro & Alfaro (2016) (M1), which enables the utiliza-
tion of multiple physical variables for cluster membership
analysis. The increase in the number of variables in a sta-
tistical analysis entails the problem that for the same sam-
ple the volumetric density in the N-variable space decreases
drastically as we increase the number of variables, making,
in many cases, any later analysis inviable. In Sampedro &
Alfaro (2016) (M1) we avoided this problem by transform-
ing the N-dimension space to a monodimensional one defined
by the distance to the distribution centre in that N-variable
space. This method was specially designed for the analysis
of Gaia data, in which we would have complete information
of the phase space for many clusters.
The three different methods used in this study are based
on the formulation and analysis of the distribution model of
c© 0000 RAS, MNRAS 000, 1–8
6 Sampedro et al.
Table 3. Comparison of the mean proper motions obtained by the three methods used in this work with those published by DAML02,
K13 and D14. ∆µαcosδ, ∆µδ, σ∆µαcosδ and σ∆µδ are expressed in mas yr
−1. N is the number of clusters in common between each
method and the catalogue indicated.
D14-M1 D14-M2 D14-M3 K13-M1 K13-M2 K13-M3 DAML02-M1 DAML02-M2 DAML02-M3
∆µαcosδ 0.03 0.04 -0.20 0.80 0.82 0.46 0.19 0.21 -0.10
∆µδ 0.01 0.00 -0.21 -0.50 -0.44 -0.80 -0.13 -0.08 -0.37
σ∆µαcosδ 0.80 1.01 1.35 3.00 3.08 3.29 1.89 2.03 2.33
σ∆µδ 0.74 0.91 1.36 3.15 3.31 3.43 1.79 1.92 2.78
N 1599 1558 1648 1563 1513 1625 1733 1675 1800
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Figure 3. Comparison of our results for mean proper motions with those published in the literature. The first line presents the comparison
with DAML02, the second line with K13 and the last line with D14. From left to right the plots present the comparison with M1, M2
and M3 methods, respectively. The ellipses represent the 1, 2 and 3σ dispersion levels and their values are given in Table 3.
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Table 4. Mean proper motions and dispersions, expressed in mas yr−1, for 18 open clusters candidates with unpublished data in
DAML02.
Cluster Name M1 M2 M3
µαcosδ, σµαcosδ µδ, σµδ µαcosδ, σµαcosδ µδ, σµδ µαcosδ, σµαcosδ µδ, σµδ
AH03 J1725 34.4 -3.40, 1.26 0.74, 1.05 -4.06, 5.40 -0.33, 4.53 -3.46, 1.24 0.79, 1.01
Alessi 52 -5.78, 5.83 0.08, 4.54 -5.58, 5.07 0.06, 4.27 -5.86, 5.76 0.15, 4.43
BH 208 – – -5.25, 8.11 -1.43, 7.60 -8.44, 1.85 -2.37, 6.59
DC 1 0.76, 1.68 -0.34, 1.71 0.90, 4.54 -0.98, 4.29 0.36, 1.96 -0.54, 1.99
Dutra Bica 12 1.27, 4.72 -3.82, 5.07 0.76, 7.78 -3.66, 8.46 1.23, 4.72 -3.81, 5.29
FSR 0647 -2.64, 2.39 0.70, 3.95 -0.77, 13.53 -1.95, 7.70 -1.90, 6.61 0.36, 5.24
FSR 0696 – – -7.27, 4.39 -3.14, 3,39 – –
FSR 0763 – – -12.68, 6.52 -4.59, 4.79 -9.33, 2.10 -2.67, 0.78
FSR 0814 0.42, 2.26 -3.36, 2.04 0.68, 4.49 -3.40, 4.13 -0.90, 1.38 -5.39, 0.52
FSR 0828 0.97, 3.53 -3.49, 3.29 1.19, 4.83 -3.39, 5.07 0.96, 3.36 -3.50, 3.52
FSR 1308 – – – – -3.62, 2.01 1.04, 0.54
FSR 1343 – – -3.30, 4.42 3.84, 3.96 -10.37, 0.45 -3.16, 2.08
Juchert 10 -4.65, 4.59 -5.37, 4.18 -4.28, 5.00 -4.99, 5.13 -4.89, 2.05 -5.44, 3.51
Kronberger 23 -0.92, 3.96 -0.44, 2.84 -0.78, 5.74 0.20, 5.33 -1.00, 4.11 -0.55, 2.79
Majaess 30 0.31, 3.52 -3.27, 3.28 -1.38, 4.90 -2.60, 4.28 -0.71, 2.26 -3.72, 2.20
Majaess 9 -2.32, 4.66 2.51, 3.53 -2.49, 3.73 1.63, 2.94 -2.32, 4.09 2.54, 3.55
Teutsch 127 -1.44, 2.29 -2.86, 1.60 -0.26, 4.89 -3.70, 4.79 -3.39, 4.40 -1.99, 0.52
Wit 3 0.18, 3.40 -3.89, 5.08 1.32, 7.17 -3.81, 5.41 0.16, 1.54 -2.61, 5.71
two populations in subspaces of phase space. The model cho-
sen and the way in which the subsequent analysis is carried
out can represent different aspects of what we could call a
stellar cluster. In most cases, if the astrometric data distri-
butions are well behaved, the results derived from the three
analyses coincide. However, clear differences can appear if
the spatial and kinematic (proper motions) structure of the
cluster deviates from Vasilevskis’ model, or has a fractal ap-
pearance (Sa´nchez & Alfaro 2009).
The M1 and M2 methods allow the incorporation of
new variables for membership analysis, but it is precisely
M1 that enables this incorporation in an easier and more
elegant way and without preceding hypotheses concerning
the variable distribution, except that the cluster members
are more densely concentrated than the field stars in that
space.
We have re-determined apparent angular cluster radii
directly from the means of the RDPs using the positions data
from UCAC4. An analysis of the RDPs has enabled us to
correct the central coordinates of 10 open clusters. This work
presents, for the first time, a catalogue of stellar clusters
whose members have been selected through three different
methods. It is a study that we consider fundamental for a
subsequent comparison with Gaia data, but which by itself
provides unique information, in quantity and variety. From
the initial sample, 1876 clusters, the method M1 successfully
converges to a solution for a total of 1748 clusters (93%), M2
for a total of 1693 (90%) and M3 for a total of 1819 (97%).
The three methods yield membership analysis for a total of
1584 clusters in common (84%).
The comparison of the first moments of the proper-
motion distribution for the 1584 clusters that have a so-
lution in the three methods corroborates what has been
stated. Furthermore, the mean differences among the meth-
ods, for the second moments of the cluster member distri-
bution, are lower than the typical proper-motion errors in
the UCAC4 catalogue, overall when comparing M1 and M3.
Most of them present differences below the errors catalogued
and only a few show clear differences between the estimated
values.
We improve the determination of the mean proper mo-
tions for the clusters NGC 7092, Ruprecht 147, Mamajek
1, Blanco 1, NGC 752 and Stock 2 for which D14 analy-
sis failed. For these clusters, M1 and M3 obtain satisfactory
results which agree with those published by Dias, Le´pine,
& Alessi (2001). We have determined mean proper motions
and cluster membership probabilities for 18 open clusters
candidates for the first time.
The results are available in electronic format at SSG-
IAA4 website as an unique database with two main files.
(more information in Appendix A).
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APPENDIX A:
Table A1 describes the parameters in the general catalogue,
both for the cluster and the field populations. In addition,
it includes distances, ages and colour excess from DAML02.
Parameters related to methods not converging to a solution
are set to -9999.99.
We also provide individual cluster-by-cluster files.
These include membership probabilities (for M2 the joint
and kinematic probabilities are provided), the outlier clas-
sification (outliers are set to 1), three additional columns
encoding the membership classification of the methods (clus-
ter members are set to 1 and field stars are set to 0) and
additional information from UCAC4. Membership probabil-
ities for those cases where a method does not converge to a
solution are set to -1. An example of an individual cluster-
by-cluster file is shown in Table A2 for the open cluster NGC
2225.
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Table A1. Description of the parameters included in the general catalogue for the cluster and the field populations. We also provide the
distances, ages and color excess from the DAML02 catalogue. The sub-script i refers to the three different methods applied in this work.
Position Parameter Description Units Type
1 Name Cluster name – String
2 RA Right Ascension deg Float (5)
3 DEC Declination deg Float (5)
4 Nstars,ini Number of stars in the cluster region – Integer
5 Nstars Number of stars to be analyzed – Integer
6 NOutliers Number of Outliers – Integer
7, 8, 9 NMi Number of cluster members – Integer
10, 11, 12 PMi Percentage of cluster members mas/yr Float (2)
13, 15, 17 pxc,Mi Cluster mean proper motion (µαcos(δ)c) mas/yr Float (2)
14, 16, 18 sigpxc,Mi Cluster proper motion dispersion (σµαcos(δ)c ) mas/yr Float (2)
19, 21, 23 pyc,Mi Cluster mean proper motion (µδc ) mas/yr Float (2)
20, 22, 24 sigpyc,Mi Cluster proper motion dispersion (σδc ) mas/yr Float (2)
25, 26, 27 coefcorrc,Mi Cluster correlation coefficient (ρc) – Float (2)
28 Distance Distance from DAML02 pc Integer
29 ColorExcess Color Excess in BV from DAML02 – Float (2)
30 Age Age from DAML02 (in log t) – Float (2)
31 Radius Apparent angular cluster radius from this work arcmin Float (2)
32, 34, 36 pxf,Mi Field mean proper motion (µαcos(δ)f ) mas/yr Float (2)
33, 35, 37 sigpxf,Mi Field proper motion dispersion (σµαcos(δ)f ) mas/yr Float (2)
38, 40, 42 pyf,Mi Field mean proper motion (µδf ) mas/yr Float (2)
39, 41,43 sigpyf,Mi Field proper motion dispersion (σδf ) mas/yr Float (2)
44, 45, 46 coefcorrf,Mi Field correlation coefficient (ρf ) – Float (2)
Table A2. Example of an individual cluster-by-cluster file for the open cluster NGC 2225. α and δ are expressed in degrees and µα and
µδ in mas yr
−1. OutF lag flags stars classified as outliers (1). PMi are the membership probabilities obtained by each method. ClassMi
flags stars classified as cluster member (1) or field stars (0). Membership probabilities, for those cases where a method does not converge
to a solution, are set to -1.
UCAC4 ID α δ µα µδ OutF lag PM1 PM2,kinem PM2,join PM3 ClassM1 ClassM2 ClassM3
402-013194 96.64324 -9.66397 -14.0 -3.7 0 0.01 0.86 0.87 -1. 0 1 -1
402-013195 96.64333 -9.62977 -19.5 29.4 0 0.00 0.28 0.67 -1. 0 0 -1
402-013199 96.64697 -9.64447 56.5 -5.8 1 0.00 0.00 0.00 -1. 0 0 -1
402-013203 96.64961 -9.67991 -58.1 -28.5 1 0.00 0.00 0.00 -1. 0 0 -1
402-013204 96.65088 -9.66370 -10.1 -28.2 0 0.00 0.16 0.54 -1. 0 0 -1
402-013211 96.65479 -9.67519 -1.4 -8.0 0 0.95 0.84 0.88 -1. 1 1 -1
402-013214 96.65607 -9.68540 -4.2 -2.5 0 0.93 0.87 0.99 -1. 1 1 -1
402-013216 96.65660 -9.64626 -7.5 -10.8 0 0.37 0.86 0.82 -1. 0 1 -1
402-013218 96.65835 -9.61792 -29.2 3.3 0 0.00 0.25 0.00 -1. 0 0 -1
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